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Abstract: The diagnosis and treatment of pelvic organ prolapse (POP) remain a relevant and scien-
tifically challenging topic. The number of cases of genital prolapse increases each year, one in ten
women need at least one surgical procedure and one in four women in midlife have asymptomatic
prolapse. Using mesh implants to correct POP presents unsatisfactory clinical outcomes, requiring
hospital readmission and further surgery. We hypothesize using an alternative surgical intervention
technique, applying injectable biodegradable cog threads, currently used for face lifting procedures,
to reinforce and correct vaginal wall defects. The threads used in this investigation are commercially
available 360° 4D barb threads (PCL-19G-100), made of polycaprolactone (PCL), supplied in sterile
packs (Yastrid, Shanghai, China). Eleven sows’ vaginal walls were used to analyze the immedi-
ate reinforcement effect of the threads. Uniaxial tensile testing and scanning electron microscopy
(SEM) was performed for the initial characterization of the threads. Threads were inserted into the
vaginal wall (control n = 5, cog n = 5) and were characterized by ball burst testing; a pull-out test
was performed (n = 6). With SEM images, dimensions, such as thread diameter (=630 pum), cut
angle (~135°), cut depth (=200 um) and cog distance (~1600 um) were measured. The mechanical
behavior during uniaxial tensile testing was nonlinear. Threads could sustain 17-18 N at 18-22%
of deformation. During the ball burst test, vaginal tissue reinforced with threads could support
68 N more load than normal tissue (p < 0.05), indicating its strengthening effect. Comfort and stress
zones were significantly stiffer in the tissues reinforced with threads (p < 0.05; p < 0.05). Both groups
showed identical deformation (elongation); no significant differences in the comfort zone length were
observed, showing that threads do not affect tissue compliance. The pull-out test showed that the
threads could sustain 3.827 4= 0.1891 N force when the first cog slip occurs, at 11.93 4 0.8291 mm.
This preliminary research on using PCL cog threads for POP treatment showed promising results in
increased vaginal wall resistance to pressure load and, at the same time, not affecting its compliance.
Nevertheless, to obtain long term host response in vivo, further investigation will be carried out.

Keywords: vaginal wall; pelvic organ prolapse; reinforcement technique; biodegradable material;

tissue compliance

1. Introduction

When pelvic floor tissues, muscles, ligaments and fascia become weakened, over-
stretched or injured, pelvic organs generally supported by these structures can bulge into
the vaginal wall [1]. This condition is called pelvic organ prolapse (POP) and affects
millions of women worldwide [2], significantly influencing their quality of life. POP is
a pelvic floor dysfunction (PFD) that could increase by more than 40% by 2050 [3]. Its
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symptoms manifest in approximately 50% of parous women, and 1 in 10 may need surgical
treatment [4]. During physiological events such as pregnancy, childbirth, menopause and
ageing, pelvic floor (PF) soft tissues and organs change [5]. Previous group research showed
that the vaginal wall and PF organs adapt to the delivery; however, they do not recover to
original levels [6-8]. Vaginal delivery causes direct trauma to the PF, and many women
fail to recover completely [9]. In some European countries (Germany, France and England),
the admissions for POP surgery were 102 k in 2005, with a substantial cost of more than
308 Mg [10]. POP affects more than 5 k women annually in Portugal, with a likely annual
increase [11].

Due to the complex nature of POP, the treatment of this disorder is complex. Early
degrees of prolapse might be treated with lifestyle advice (weight loss, avoidance of
heavy lifting, and physical therapy) or with special devices such as pessaries that provide
additional support to the dropping pelvic organs [12]. However, the primary treatment for
POP is surgery. Surgical POP correction might be divided based on the approach and how
the defect is repaired [13]. The surgery might be vaginal or abdominal (by open abdomen or
by laparoscopy) and using native tissue or implants, whether these are used to reinforce or
substitute the weakened endorsement. Alternatively, other procedures, such as colpocleisis
(stitching of the anterior and posterior vaginal walls), are typically performed for elderly
patients when it is impossible to use other methods.

Unfortunately, the native tissue repairs present unsatisfactory clinical outcomes and
have a relatively high failure rate (19%), leading to PFD development in other compart-
ments [14]. New surgery can manage it, which may then use an implant (mesh) to provide
additional support for weakened or damaged tissue [15]. Most surgical meshes currently
available in clinics are made from non-absorbable synthetic polymers (polypropylene);
however, due to the lack of reliable preclinical data, vaginal mesh use is associated with
an unacceptable risk for graft related complications (GRCs) [16]. At least 10% of GRCs
following vaginal implantations occur due to inappropriate biomechanical properties of
synthetic implants, next to patient and surgeon factors, including foreign body reaction,
mesh contraction, mesh exposure, infection and pain [17,18]. Thereby, the Food and Drug
Administration (FDA) ordered some manufacturers to immediately stop distributing surgi-
cal meshes because “reasonable confidence in the safety and effectiveness of these devices”
used to treat POP has not been demonstrated since the agency categorized them as high
risk [19].

Since surgeons rely on prosthetic materials to treat POP, using approaches currently
applied in face lifting may be a solution for POP treatment. Face-shaping supports being
lost, especially around the cheeks, the eye area, the jowls and the neck is one of the telltale
features of ageing, which are due to progressive soft-tissue laxity [20,21]. Thread lifting
is becoming popular among patients despite its less effective lifting result. It does not
require sedation or general anesthesia, has long-lasting recovery, and has fewer related
complications [20,22]. Thread lifting is a minimally invasive procedure to restore sagging
facial skin by applying surgical threads [23]. This therapy has many advantages: it can
be performed under local rather general anesthesia; it has a shorter operative time and
quick recovery; lower complication risk; it usually does not present visible scars; and it is
cheaper than conventional procedures [24]. Thus, based on the benefits of this procedure,
its application is possible in different medical fields in which the standard sutures succeed,
such as wound closure and face lifting. Cog threads were used in 2008 in obstetric and
gynecologic practices for tissue reapproximation during a laparoscopic myomectomy and
some hysterectomies [25]. Therefore, it seems possible to apply this technique for POP
treatment with some effort and investigation.

This research aims to study an alternative surgical technique for POP correction
by applying biodegradable cog threads, currently used for face lifting procedures, to
reinforce and correct vaginal wall defects. Threads inserted into the vaginal wall under
specific angles will create a mesh-like structure, matching physiological compliance and
providing additional support. Being embedded into the vaginal wall, the threads provoke
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the body’s healing reaction, causing large direct surges of collagen to treated areas, thereby
improving and stimulating collagen generation around the filaments and their barbs [24].
This technique’s advantage is the possibility of starting treatment for women with early
prolapse stages, with a possibility of having a vaginal delivery in the future—something
not possible with conventional meshes [26]. Since the thread’s barbs firmly anchor into the
soft tissue, no additional anchoring points are needed, reducing the material burden, which
can cause an inflammatory reaction [27]. Moreover, the procedure could be personalized
by the injected threads number, material choice and thread type [21].

2. Materials and Methods
2.1. Cog Threads

Threads used in this research are commercially available 360° 4D barb threads (PCL-
19G-100), made of polycaprolactone (PCL), supplied in sterile packs (Yastrid, Shanghai,
China). The pack contained two pieces of the threads in the cannula (L type) and a needle
(19 G). Cannula and needles were made of stainless steel. Once implanted, their expected
duration is between 2 and 3 years.

Threads were carefully removed from the cannula for characterization. The initial
characterization of these threads was accomplished with scanning electron microscopy
(SEM) assistance. The specimens were sputter-coated with a thin Au/Pd film by the SPI
Module Sputter Coater. SEM was carried out by a high resolution (Schottky) environmental
SEM with X-ray microanalysis and electron backscattered diffraction analysis (FEI Quanta
400 FEG ESEM/EDAX Genesis X4M).

The uniaxial tensile tests were conducted on the Multitest 2.5 dV machine with a 100 N
load cell by applying longitudinal axial load on the threads (Figure 1A). The specimens
were held by the clamps, pre-loaded to 0.1 N, and stretched until the failure at 10 mm/min
speed [28].
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Figure 1. (A) Cog thread uniaxial tensile testing; (B) Vaginal wall-cog thread ball burst testing;
(C) Vaginal wall strips—cog thread pulling test.

2.2. Animal Tissue

Eleven sows’ pelvic floor soft tissues were collected at the slaughterhouse (Matadouro
Carneiro e Salgueirinho Lda, NCV D 13, Trofa, Portugal) for research purposes. The proce-
dures respected the conditions imposed by Regulation (EC) No. 1069/2009 of 21 October.
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The animal parts were acquired as a block, vaginal canal together with rectum, muscles and
surrounding fat (Figure 2A). Therefore, the vaginal canal was first separated (Figure 2B).

Figure 2. (A)—pelvic floor soft tissues collected from the slaughterhouse; (B)—separated
vaginal canal.

Vaginal canals were opened longitudinally along the urethra, and the distal part of
the vagina was selected for thread insertion (control n = 5, cog 1 = 5) and characterized by
ball burst testing. One vaginal wall was divided into strips (1 = 6) for the uniaxial thread
pull-out test.

2.3. Ball Burst Test

The thread insertion procedure was performed under the guidance of neuropathologist
Dr J. Vasciliene, who specializes in face rejuvenation procedures and thread use. The needle
was used for initial surface perforation (Figure 3A). Square specimens (50 x 50 mm) were
prepared for the thread insertion. A cannula with a cog was inserted until the end of the
sample, then turned and carefully removed, while the cog thread stayed fixed in the tissue
(Figure 3B). Two cog threads were inserted into the tissue under the 90° angle, intersecting
and creating the non-rigid reinforcement.

Specimen mechanical characterization was performed by ball burst testing on a
Mecmesin Multitest 2.5 dV tensiometer (2500 N cell load) and VectorPro software (Mecmesin
Ltd., West Sussex, UK) with an 11.5 mm plunger. Before the testing, specimen thickness
was measured. Then, it was clamped with the epithelium facing down and preloaded
to 0.1 N. The plunger speed was estimated to be 10 mm/min until the specimen rupture
(Figure 1B). The force (N) and displacement (mm) curves were used to define the stiffness.

2.4. Pull-Out Test

Vaginal wall strips (10 x 50 mm, n = 6) were used to test the thread cogs anchoring
forces. Cog threads were inserted into the tissue specimens longitudinally; the vaginal
tissue part was attached to the superior grip while the thread was clamped to the inferior
one (Figure 1C). The tests were carried out on the Multitest 2.5 dV machine, with a load
cell of 100 N applying longitudinal axial load at 10 mm/min speed.
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Figure 3. (A) Vaginal wall specimen with a needle (procedure beginning); (B) Vaginal wall specimen
with an inserted cannula and cog thread (intersecting under 90° angle). (C) Vaginal wall specimen
with 2 crossed cog threads.

2.5. Statistical Analysis

Statistical analyses were performed using GraphPad Prism 5 software (GraphPad
Software, Inc., La Jolla, CA, USA). The Kolmogorov-Smirnov test confirmed the normality
of the data. The quantitative values are expressed as the mean value + standard error
of the mean. An unpaired Student’s t-test was used to evaluate the effect of the tissue
reinforcement (95% confidence level, significance level p < 0.05).

3. Results
Cog Threads

From SEM images (Figure 4), it was possible to obtain thread dimensions, such as
diameter (=630 um), cog cut angle (=135°), cut depth (=200 pm) and distance between
cogs (1600 um); an average of three measures done in different images.

Figure 4. PCL cog thread SEM images: (A) Thread diameter dimension (mag.—100x, scale—1 mm);
(B) Cog cutting dimension (mag.—100x, scale—1 mm); (C) Cog image (mag.—350x, scale—300 um).

Force-strain curves (Figure 5) represent the nonlinear mechanical behavior of PCL
cog threads during uniaxial tensile testing. Threads could sustain 17-18 N at 18-22%
of deformation.
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Figure 5. Mechanical behavior of PCL cog threads under uniaxial tensile loading (1 = 4).

Figure 6 displays force-strain curves for sow vagina wall mechanical behavior and
when it is reinforced with PCL cog threads. The physiological deformation range con-
sidered the comfort zone was established at the range of 4-14% of elongation [7]. The
supra-physiological deformation range, stress zone, was defined throughout 65-75% of
elongation [7]. The comfort and stress zone stiffnesses were respectively estimated. Ulti-
mate force (point A) and the maximum change in length at ultimate force (point B) were
measured. An inflexion point (point C), indicates the comfort zone’s length.

Vaginal wall mechanical behaviour during ball burst test

7~ tissue tearing

stress zone L)
stiffness ~ [ 4] =+ T

loe)

stress zone
Strain

----- Vaginal wall =—Vaginal wall reinforeced with threads

Figure 6. Mechanical behavior of the sow vaginal wall during ball burst test with and without cog
threads. A blue colored curve was used as an example to clarify studied tissues characteristics:
comfort and stress zone stiffness; A—ultimate load, B—the maximum change in length at ultimate
force; C—comfort zone length.

Thread reinforced vaginal tissue could sustain 68 N more load than normal tissue
(p < 0.05), showing its strengthening effect (Figure 6 and Table 1). A comfort and stress
zone stiffness was significantly higher in the tissues reinforced with cog threads (p < 0.05;
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p < 0.05). The deformation was similar in both groups, and no significant differences in the
comfort zone length were observed, indicating that threads do not affect tissue compliance.

Table 1. Mechanical characteristics of sow vaginal wall during ball burst testing. Data are presented
as mean =+ standard error of the mean; significant group differences were determined to p < 0.05 and
noted (*).

Stiffness in Comfort . . .
Stiffness in . Elongation
. Nr. of Comfort Zone Ultimate A
Tissue . Stress Zone at Ultimate
Specimens Zone Length Load (N)
(N/mm) Load (mm)
(N/mm) (mm)
Vi\iﬁilal n=>5 0.16 = 0.09 9.74 + 043 14.26 + 1.48 108.9 +9.76 17.60 + 0.72
Vaginal
Walclovg‘”th n=>5 101+£015 938+£132 21754273 177.0+£542 1632+ 054
threads
p value 0.0015 * 0.8019 0.0426 * 0.0003 * 0.1915

The pull-out test was performed to analyze the resistance that the cogs of the threads
may offer to the deformation of the tissue (Figure 7). The thread pull-out test showed
that the thread could sustain 3.827 £ 0.1891 N force when the first cog slipping occurs at
the elongation of 11.93 £ 0.8291 mm. Although a maximum resistance was obtained in a
specific part of each curve (first failure), the cogs continued offering a minor resistance to
the deformation during the rest of the test.

Cog thread pull test

‘16 5.0
TE;M =45
S —F— 340 T
s . g ——
Zo . 35 .
wg 3.0
0.5 1 1.5 2 2.5 3

Strain —Representative curve

Figure 7. Representative force-strain curve of PCL cog thread pulling from the vaginal tissue. The
top right bars represent force and elongation at this force at the first cog fixation failure during the

pull-out test.

4. Discussion

POP treatment remains a relevant and scientifically challenging topic. A possible
solution for anterior and posterior compartment prolapse correction was presented in this
study. As an alternative technique to surgical intervention, injectable biodegradable cog
threads were used for vaginal wall reinforcement. The threads” application was analyzed
on the ex vivo vaginal wall to simulate the immediate reinforcement effect of the posterior
vaginal wall.
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The use of cog threads might have several advantages compared with mesh implants
in reconstructive pelvic surgeries. Although it is mostly used in facelifting procedures, we
believe it can be applied in treating the early stages of POP due to several factors. This
technique reduces operative times and more straightforward wound closure since there is
no need to tie knots, and it can be performed under local anesthesia [29]. Since the thread’s
barbs firmly anchor into the soft tissue, no additional anchoring points are needed, reducing
the material burden, which can cause an inflammatory reaction. In addition, it offers a
quick recovery and better sexual health compared to conventional meshes and provides
the possibility of having a vaginal delivery in the future [30]. Conventional meshes are
usually used in older women with no sexual life since it is not recommended to give birth
after this procedure with synthetic meshes. Due to this factor, native repairs are usually
used for younger women, but they have a higher recurrence rate [30].

Cog threads are already used during obstetrical and gynecological procedures such as
myomectomy, hysterectomy and sacrocolpopexy [29], mainly in superficial tissue repair
since, for deep wound closure, they are not as effective [31]. Ex vivo experiments showed
that thread reinforced vaginal tissue could sustain 68 N more load than normal tissue,
while the deformation was similar in both groups, and no significant differences in the
comfort zone length were observed. Thus, indicating a tissue strengthening effect does
not affect its compliance. The thread pull-out test showed that the maximum cog thread
resistance (first failure) was 3.827 + 0.1891 N at the elongation of 11.93 £ 0.8291 mm,
offering a minor resistance to the deformation during the rest of the test. Cog threads are
more likely to maintain the tissue in position for better healing than standard sutures since
they may result in tissue tearing at the attachment points. In contrast, cog threads provide
a more uniform spread of holding forces within the tissue due to their multiple attachment
points [31]. Cogs might provide sufficient fixation strength without interfering with tissue
compliance [31]. Moreover, using these threads allows for personalizing the treatment, and
easily changing the density of the supporting structure according to the patient’s needs by
changing the number of cogs used to create reinforcement (in facial thread lifting, generally,
from 2 to 30 threads can be inserted per procedure) [29].

Based on the literature, inserted threads provoke the body’s healing reaction, improve
collagen formation, and increase elastin volume around the threads and cogs [32]. After
complete absorption (two to three years to dissolve fully, results may vary among patients),
the material is replaced by collagen-rich connective tissue [33]. These reactions may have
an additional positive impact on vaginal wall properties. Collagen fibers play a dominant
role in the elastin and collagen contributions to the tissue’s load-bearing. Collagen is
primarily responsible for soft tissue tensile strength, whereas elastin makes the tissue more
flexible [7]. The rate of graft-related problems is also expected to decrease as less foreign
material implies a less inflammatory reaction [34].

Despite all the advantages that cog threads can provide, it is essential to understand
that this type of suture does not have a long-lasting effect when used in face lifting [34].
Furthermore, the tests performed with these threads for face-lifting procedures reported
some complications, namely swelling, bruising (most frequent complications), skin dim-
pling, contour irregularities, intractable pain, paresthesia, infection, and mild asymmetry.
Nevertheless, the overall reported rate of severe complications with the thread-lift su-
ture is low, and the use of bioresorbable implantation materials /biodegradable polymers
seems to make this procedure even safer since they are less harmful to viscera and reduce
infections [25,33,34].

5. Conclusions

Research results showed that cog threads could provide immediate additional strength
to the vaginal wall and, at the same time, match its physiological compliance. Nevertheless,
further research will follow to investigate the short and long-term response of the vaginal
wall reinforcement in vivo in sheep models.
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